Abstract. Shock wave experiments have been conducted on San Gabriel anorthosite and San Marcos gabbro to peak stresses between 5 and 11 GPa using a 40-mm-bore propellant gun. Particle velocity wave profiles were measured directly at several points in each target by means of electromagnetic gauges, and Hugoniot states were calculated by determining shock transit times from the gauge records. The particle velocity profiles yielded sound velocities along the release adiabats which indicate a retention of shear strength upon shock compression for anorthosite, with a loss of strength upon release to nearly zero stress. Sound velocities of anorthosite shocked to peak stresses 
Introduction
The plagioclase feldspar-bearing rocks, anorthosite and gabbro, are important components of the lunar and terrestrial crusts. It is necessary to understand the behavior of such rocks under high dynamic stress in order to model cratering processes which result from hypervelocity impacts and to characterize the stress history of rocks which have been subjected to shock loading on planetary surfaces (such as the moon) and meteorites. Shock wave studies of these and similar materials have been conducted in the past [Ahrens et al., 1969 0148-0227 / 85 / 004B-5000505.00 buted high rarefaction velocities and steep release paths in the stress-density plane to irreversible compaction. Grady et al. [1974] carried out experiments on polycrystalline quartz (novaculite) to 40 GPa, using a combination of particle velocity and manganin stress gauges to determine release adiabats. They concluded that a partial quartzstishovite transformation takes place above 15 GPa, with the quantity of material transformed an increasing function of peak stress, and that the Hugoniot states are not on the quartz-stishovite coexistence curve. Similar experiments were conducted on polycrystalline quartz and perthitic feldspar by Grady et al. [1975] and Grady and Murri [1976] , who used manganin stress gauges to determine Hugoniot sound velocities and found that these rocks lose shear strength when shocked to pressures above 20 GPa. Larson and Anderson [1979] used particle velocity gauges to study limestone and tuff at lower stress levels (4 GPa) and attributed the observed time-dependent behavior to the closing of pores in these rocks.
In this paper we present new Hugoniot data on San Gabriel anorthosite and San Marcos gabbro to 11 GPa. Release paths in the stress-density plane and sound velocities are reported, as determined from particle velocity data.
Experimental Methods
The particle velocity experimental design is similar to those of Grady et al. [1974] , Larson and Anderson [1979] , and Kondo et al. [1980] and makes use of electromagnetic particle velocity gauges [Dremin and Shvedov, 1974] .
Gauges are oriented in a steady, uniform magnetic field such that the active element of the gauge, the magnetic field lines, and the direction of motion are all mutually perpendicular and the gauge leads are parallel to the magnetic field. An electromotive force is induced along the length of the gauge element, proportional to the velocity of the gauge. For a gauge with effective length L in a magnetic field B, the potential measured across the gauge leads is V(t)=BLup(t)
(1) where Up is the particle velocity of the material in which the gauge is embedded. These signals are recorded by an array of cathode ray oscilloscopes.
Gauges were photoetched from 10.0-#m-thick copper foil with a 12.5-#m-thick polyamide (Kapton) film backing. The active elements of the gauges were 0.9-1.0 cm long.
The precise effective gauge length (used in equation (1) from the left and strikes the x--0 surface of the target •t time t--O, driving a shock wave to the right into the rock and to the left into the projectile. Each gauge is stationary until overtaken from the left by the shock wave, at which time it begins moving with the particle velocity associated with the Hugoniot state. The shock wave reflects from the free surface as a rarefaction wave, and each gauge again accelerates to the right as this wave passes through it from the right. San Gabriel anorthosite samples were collected in the San Gabriel Mountains near Pasadena, California. This rock type is highly variable in composition and texture and has been studied in detail by Carter [1982] . The particular specimen used in these experiments had randomly oriented plagioclase crystals with a mean grain size of 1-2 mm. Significant alteration was observed at grain boundaries and the mineralogy, given in Table 1 
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where p is the density, Po is the initial density, ey is the stress, Up is the particle velocity, and h is the Lagrangian space coordinate along the direction of wave propagation. The Lagrangian sound velocity is determined by the finite difference approximation
C (up) • Ah
where Ah is the initial distance between gauges and At is the transit time for a disturbance with particle velocity Up. In practice, it was necessary to carry out some adjustment of the data before integrating. A small amount of baseline drift existed in the data due to the nonzero magnetic field flux through the gauge loop. This drift was slow relative to the data and was subtracted out by a linear extrapolation of the observed baseline drift prior to the shock arrival.
Discussion
Sound velocities of anorthosite from this study can be compared to those measured ultrasonically for anorthosite rocks of similar composition [Birch, 1960 [Birch, , 1961 
could begin to occur at the stress levels of the present experiments, especially if it took place within a minor population of shear band heated zones [Grady, 1980] . We suggest the occurrence of reaction (14) 
